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$EVWUDFW²,QWKLVSDSHUWZRIOX[VZLWFKLQJSHUPDQHQWPDJQHW
)630ZLQGSRZHUJHQHUDWRUVZLWKDQGSKDVHZLQGLQJVDUH
GHVLJQHG DQG FRPSDUDWLYHO\ DQDO\]HG %RWK WZR JHQHUDWRUV DUH
GHVLJQHGXQGHU WKH UDWHG VSHFLILFDWLRQV RI N:RXWSXWSRZHU
DQG9SKDVHYROWDJHDWUSP7KHVWDWLFFKDUDFWHULVWLFVDQG
SRZHUJHQHUDWLQJSHUIRUPDQFHVLQFOXGLQJRXWSXWYROWDJHSRZHU
DQG HIILFLHQF\ DW UDWHG DQG YDULDEOH ORDGVSHHG FRQGLWLRQV DUH
SUHGLFWHG E\ ILQLWHHOHPHQW )( DQDO\VLV DQG YDOLGDWHG E\
H[SHULPHQWDO WHVWVEDVHGRQ WKHWZR)630SURWRW\SHV,W VKRZV
WKDW WKH SKDVH VWDWRUVORWURWRUSROH )630 JHQHUDWRU
H[KLELWV D KLJKHU DLUJDS IOX[ GHQVLW\ D KLJKHU WRUTXHSRZHU
GHQVLW\ DQG D ORZHU YROWDJH UHJXODWLRQ IDFWRU %HVLGHV LW KDV D
EHWWHU RYHUORDG FDSDELOLW\ WKDQ LWV SKDVH
VWDWRUVORWURWRUSROHFRXQWHUSDUWZKHQ WKHORDGDQGZLQG
VSHHGH[FHHGWKHUDWHGOHYHOV7KHFRPSDUDWLYHVWXG\UHYHDOVWKH
EHQHILWVRIWKHORZHUOHDNDJHIOX[DQGSHUPHDQFHIURPWKHODUJHU
VWDWRUVORWRSHQLQJDQGORQJHUPDJQHWLFFLUFXLW
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+( UHFHQW PXOWLSKDVH ZLQGLQJ FRQFHSW IRU HOHFWULF
PDFKLQHV LQFOXGLQJ JHQHUDWRUV DQG PRWRUV KDV EHHQ
SURSRVHG IRU PDQ\ \HDUV GXH WR WKH DGYDQWDJHV RI UHGXFHG
SRZHU EXUGHQ SHU SKDVH LPSURYHG IDXOWWROHUDQFH DQG
DGGLWLRQDO GHJUHHV RI IUHHGRP 0RUHRYHU WKH PXOWLSKDVH
ZLQGLQJ LQFUHDVHV WKH V\VWHP UHGXQGDQF\ ZKLFK PDNHV LW
SRVVLEOHWRXVHPRGXODUGHVLJQDQGFRQWUROVWUDWHJLHV7KHSDFH
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0DQXVFULSW UHFHLYHG-DQXDU\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DFFHSWHG
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DQG WKH )XQGDPHQWDO 5HVHDUFK )XQGV IRU WKH &HQWUDO 8QLYHUVLWLHV
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:HL+XD
/LQJ\XQ 6KDR ZDV ZLWK 6FKRRO RI (OHFWULFDO (QJLQHHULQJ 6RXWKHDVW
8QLYHUVLW\1DQMLQJ&KLQD6KHLVQRZZLWK&HQWUHIRU$XWRPRWLYH
(QJLQHHULQJ 8QLYHUVLW\ RI 6XUUH\ *XLOGIRUG *8 ;+ 8. HPDLO
VKDROLQJ\XQ#JDPLOFRP
:HL +XD )HQJ /L DQG 0LQJ &KHQJ DUH ZLWK 6FKRRO RI (OHFWULFDO
(QJLQHHULQJ 6RXWKHDVW 8QLYHUVLW\ 1DQMLQJ  &KLQD HPDLO
KXDZHL#VHXHGXFQOIHQJ#XMVHGXFQPFKHQJ#VHXHGXFQ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-XOLHWWH6RXODUGLVZLWK:DUZLFN0DQXIDFWXULQJ*URXS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8QLYHUVLW\
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HPDLO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=4=KXLVZLWK'HSDUWPHQWRI(OHFWURQLFDQG(OHFWULFDO(QJLQHHULQJ7KH
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HPDLO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]T]KX#VKHIILHOGDFXN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=KRQJ]H:XLVZLWK'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ8QLYHUVLW\RI
%DWK%DWK%$$<8.HPDLO]ZX#EDWKDFXN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RIUHVHDUFKRQPXOWLSKDVHPDFKLQHV\VWHPVVWDUWHGDFFHOHUDWLQJ
ZLWKWKHUDSLGGHYHORSPHQWRIPDQ\VDIHW\FULWLFDODSSOLFDWLRQV
LQ WKH HDUO\ VW FHQWXU\ VXFK DV DHURVSDFH HOHFWULF YHKLFOHV
DQG ZLQG SRZHU JHQHUDWLRQ >@>@ 7KH FRPELQDWLRQ RI
PXOWLSKDVH ZLQGLQJV DGYDQFHG HOHFWULF PDFKLQH WRSRORJLHV
DQGFRQWUROVWUDWHJLHVLVDFRUHZD\ WR LPSURYH WKHUHOLDELOLW\
DQGSRZHUGHQVLW\RIWKHZKROHV\VWHP>@>@5HVHDUFKDUHD
LQ WKH PXOWLSKDVH PDFKLQH KDV UDQJHG IURP WKH GHVLJQ DQG
PRGHOOLQJ RI QRYHO PXOWLSKDVH PDFKLQH WRSRORJLHV WR WKH
FRQWUROVWUDWHJLHVLQQRUPDORUIDXOWFRQGLWLRQV>@>@
$VDQRYHOVWDWRUSHUPDQHQWPDJQHW30PDFKLQHZLWKERWK
30V DQG DUPDWXUH ZLQGLQJV ORFDWHG LQ WKH VWDWRU
IOX[VZLWFKLQJ)630)630PDFKLQHVKDYHDWWUDFWHGZLGH
DWWHQWLRQGXH WR KLJK IOX[ GHQVLW\ UREXVW URWRU DQG HDV\ 30
WKHUPDOPDQDJHPHQW >@>@5HIHUHQFH >@ ILUVWO\DSSOLHV
PXOWLSKDVHZLQGLQJVWRWKH)630PDFKLQHVIRUWKHDHURHQJLQH
DSSOLFDWLRQ7KHDQGSKDVHZLQGLQJVDUHDGRSWHG
DQG FRPSDUHG VKRZLQJ WKDW D KLJKHU SKDVH QXPEHU LV
EHQHILFLDO WR D ORZHU PXWXDO LQGXFWDQFH DQG KHQFH D EHWWHU
IDXOWWROHUDQW SHUIRUPDQFH $ SKDVH )630 PDFKLQH
SUHVHQWHG LQ >@ HPSOR\V (VKDSHG VWDWRU ODPLQDWLRQV WR
DFKLHYH DQ HQKDQFHG IDXOWWROHUDQW FDSDELOLW\ )XUWKHU D
PXOWLSKDVH PRGXODU )630 ZLQG SRZHU JHQHUDWLRQ V\VWHP LV
SURSRVHGLQ>@ZKLFKDGRSWVWZHOYHSKDVHVWDWRUZLQGLQJ
VHJPHQWVDQGWZHOYHSDUDOOHOHGSKDVHFRQYHUWHUPRGXOHVWR
LPSURYH WKH IDXOWWROHUDQFH DQG UHOLDELOLW\ RI WKH HQHUJ\
FRQYHUVLRQV\VWHP
)URPWKHYLHZSRLQWRIFRQWURODQDFFXUDWHWRUTXHPRGHOLV
HVWDEOLVKHG LQ >@ WR RSWLPL]H WKH UHIHUHQFH FXUUHQWV RI D
SKDVH)630PDFKLQHXQGHUVKRUWFLUFXLWIDXOW\FRQGLWLRQVR
DV WR LPSURYH WKH SRVWIDXOW RSHUDWLQJ SHUIRUPDQFH 7KH
RSHQFLUFXLW IDXOWWROHUDQW FRQWURO VWUDWHJ\ ZLWK PLQLPXP
FRSSHUORVVIRUDSKDVH)630PDFKLQHLVSURSRVHGLQ>@
0RUHRYHU UHIHUHQFH >@ HODERUDWHV D JHQHUDO VXEGRPDLQ
PRGHOWRSUHGLFWWKHPDJQHWLFILHOGRIDQ\)6PDFKLQHWRSRORJ\
ZLWK DQ\ SKDVH QXPEHUV &RPSDUHG ZLWK WKH ILQLWHHOHPHQW
)(PHWKRG LWJUHDWO\VDYHVFRPSXWDWLRQDOWLPHEXWUHGXFHV
WKH FDOFXODWLRQDFFXUDF\ RI WKH ILHOG WDQJHQWLDO FRPSRQHQWDV
WKHVRIWPDJQHWLFPDWHULDOLVVXSSRVHGDVOLQHDURUZLWKLQILQLWH
SHUPHDELOLW\
,Q WKLV SDSHU D FRPSDUDWLYH VWXG\ LV LPSOHPHQWHG RQ WZR
PXOWLSKDVH )630 ZLQG JHQHUDWRUV QDPHO\ D SKDVH
VWDWRUVORWURWRUSROH  JHQHUDWRU DQG D SKDVH
VWDWRUVORWURWRUSROHJHQHUDWRUDVVKRZQLQ)LJ
/LQJ\XQ6KDR:HL+XD)HQJ/L-XOLHWWH6RXODUG=4=KX)HOORZ,(((=KRQJ]H:XDQG0LQJ
&KHQJ)HOORZ,(((
$&RPSDUDWLYH6WXG\RQ1LQHDQG
7ZHOYH3KDVH)OX[6ZLWFKLQJ
3HUPDQHQW0DJQHW:LQG3RZHU*HQHUDWRUV
7
,(((7UDQVDFWLRQVRQ,QGXVWU\$SSOLFDWLRQV 
DDQG)LJEUHVSHFWLYHO\7KHSKDVH)630JHQHUDWRU
KDVWKHVDPHGLPHQVLRQDVWKDWLQ>@ZKLOHWKHGHVLJQSURFHVV
RIWKHSKDVH)630ZLQGJHQHUDWRUKDVEHHQLQWURGXFHGLQ
>@ 7KLV SDSHU H[WHQGV WKH DQDO\VLV UHSRUWHG LQ >@ ZLWK
DGGLWLRQDO FRPSDULVRQV EHWZHHQ )( UHVXOWV DQG H[SHULPHQWDO
PHDVXUHPHQWV)LUVWO\NH\GLIIHUHQFHVEHWZHHQJHQHUDWRUDQG
PRWRU GHVLJQV DUH KLJKOLJKWHG DQG WKH WRSRORJLHV RI WKH WZR
JHQHUDWRUVDUHSUHVHQWHGLQ6HFWLRQ,,LQZKLFKWKHLQIOXHQFHRI
WKHGHVLJQSDUDPHWHUVLVDQDO\]HG)RUWKHRSWLPL]HGPDFKLQHV
WKH VWDWLF FKDUDFWHULVWLFV LQFOXGLQJ RSHQFLUFXLW DLUJDS ILHOG
IOX[OLQNDJH HOHFWURPRWLYH IRUFH (0) FRJJLQJ WRUTXH DQG
VWDWLF WRUTXH XQGHU LG  EUXVKOHVV DF %/$& RSHUDWLRQ DUH
FRPSDUDWLYHO\DQDO\]HGE\)(DQDO\VLVLQ6HFWLRQ,,,6HFWLRQ
,9 DQDO\]HV WKH SRZHU JHQHUDWLQJ SHUIRUPDQFHV RI WKH WZR
JHQHUDWRUV DW ERWK UDWHG FRQGLWLRQ DQG YDULDEOH ORDGVSHHG
RSHUDWLRQV/DVWO\ WKHH[SHULPHQWDOWHVWVDUHLPSOHPHQWHGRQ
WKH  DQG SKDVH )630 SURWRW\SHV WR YDOLGDWH WKH
)(SUHGLFWHGUHVXOWV LQ6HFWLRQ97KHFRPSDUDWLYHVWXG\QRW
RQO\PDNHVDQDOOURXQGLQYHVWLJDWLRQRQWKHZLQGJHQHUDWRUV¶
SHUIRUPDQFHV EXW DOVR JLYHV D JXLGDQFH IRU WKH VHOHFWLRQ RI
VWDWRUVORWURWRUSROHFRPELQDWLRQV
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7KHGHVLJQSURFHGXUHRIDJHQHUDWRULVVRPHZKDWGLIIHUHQW
IURPGHVLJQLQJDPRWRU,QPRVWFDVHVDJLYHQSRLQWGHILQHGE\
WKH PD[LPXP WRUTXH XQGHU LG  %/$& RSHUDWLRQ LV IRFXVHG
XSRQIRUDPRWRUGHVLJQ+RZHYHUIRUJHQHUDWRUDSSOLFDWLRQV
WKH RSHUDWLQJ PRGH LV GHWHUPLQHG E\ WKH H[WHUQDO ORDG
0RUHRYHUWKHSKDVHDQJOHRIWKHDSSOLHGDUPDWXUHFXUUHQWLVQRW
DVFRQWUROODEOHDVWKDWLQDPRWRU7KHUHIRUHLWLVQRWUDWLRQDOWR
RSWLPL]HDJHQHUDWRUXQGHULG %/$&RSHUDWLRQRQO\+HUHD
FRVLPXODWLRQ PHWKRG FRQQHFWLQJ WKH JHQHUDWRU ZLWK H[WHUQDO
FLUFXLWVLVDSSOLHGWRDQDO\]HSRZHUJHQHUDWLQJSHUIRUPDQFHV
7KHVWDWRUDQGURWRUSROHFRPELQDWLRQVIRUDQGSKDVH
)630 JHQHUDWRUV DUH GHWHUPLQHG WR DFKLHYH D KLJK WRUTXH D
ORZFRJJLQJ WRUTXHDQGDV\PPHWULFDOSKDVH(0)ZDYHIRUP
>@7KHSKDVHUHODWLRQVRIWKHFRLODQGSKDVH(0)SKDVRUVDUH
LOOXVWUDWHG LQ)LJ  ZKHUH WKHSKDVH VKLIWVEHWZHHQDGMDFHQW
WZRSKDVHVDUHDQGHOHFWULFDOGHJUHHVIRUDQGSKDVH
JHQHUDWRUVUHVSHFWLYHO\
%RWKJHQHUDWRUVDUHGHVLJQHGIRUDUDWHGSRZHUVSHFLILFDWLRQ
RIN:DQGDUDWHGSKDVHYROWDJHRI9DWUDWHGURWRUVSHHG
RI USP LQ >@ DQG>@ ,W VKRXOGEHQRWHG WKDW WKH WZR
JHQHUDWRUV DUH ZLWK WKH VDPH VWDWRU RXWHU GLDPHWHU DQG VWDFN
OHQJWK DV ZHOO DV WKH LGHQWLFDO 30 YROXPH WR PDNH D IDLU
FRPSDULVRQ7KHVHFRQVWUDLQWVDUHUHPDLQHGLQWKLVVWXG\7KH
PDLQGLPHQVLRQDOSDUDPHWHUVRIWKHJHQHUDWRUVDUHGHILQHGLQ
)LJZKHUHWKHVWDWRU LQQHU UDGLXVVWDWRUWRRWKZLGWK URWRU
SROHZLGWKDQGWKHQXPEHURIWXUQVSHUFRLOZLOOEHRSWLPL]HG
ZLWK HPSKDVLV RQ WKH SKDVH (0) DQG FRJJLQJ WRUTXH LQ WKH
IROORZLQJSDUWV7KHRSWLPL]HGYDOXHVDUHJLYHQLQ7$%/(,
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5RWRULQQHUGLDPHWHU'UL PP 
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$LUJDSOHQJWKJ PP 
6WDWRUWRRWKDUFșVW   
30DUFș30   
30YROXPH PP î
$UHDRIHDFKVORW PP  
5RWRUSROHDUFșUW   
1XPEHURIWXUQVSHUFRLO1FRLO   
$ 6WDWRU,QQHU5DGLXV
6LQFHWKHVWDWRURXWHUGLDPHWHU5VRLVIL[HGWKHVWDWRULQQHU
UDGLXV5VLLVSURSRUWLRQDOWRWKHVSOLWUDWLRZKLFKLVGHILQHGDV
WKHUDWLRRI5VLWR5VR7KHVSOLWUDWLRLQIOXHQFHVWKH506YDOXH
DQGWRWDOKDUPRQLFGLVWRUWLRQ7+'RIRSHQFLUFXLWSKDVH(0)
DQG WKH PDJQLWXGH RI FRJJLQJ WRUTXH 7FRJ E\ FKDQJLQJ WKH
UHODWLRQRIPDJQHWLFDQGHOHFWULFORDGLQJV
$VFDQEHOHDUQHGIURP)LJWKHSHDNSRLQWVIRUWKH(0)
DQG7FRJYDULDWLRQFXUYHVH[LVWEXWFRUUHVSRQGWRGLIIHUHQWVSOLW
UDWLRYDOXHV$KLJKPDJQLWXGHEXWDORZ7+'RI(0)SHUWXUQ
DUHSUHIHUUHGIRUDJHQHUDWRUVLQFHIHZHUFRLOWXUQVZRXOGEH
UHTXLUHGWRSURGXFHWKHUDWHGYROWDJHVSHFLILFDWLRQ%HVLGHVD
ORZFRJJLQJWRUTXHLVIDYRUDEOHIRUWKHZLQGWXUELQH¶VVWDUWXS
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D@DQGFRJJLQJWRUTXH>)LJE@
D
E
)LJ  ,QIOXHQFH RI VSOLW UDWLR D 3KDVH 30 (0)  USP  WXUQ E
&RJJLQJWRUTXH3HDNYDOXH
D
E
)LJ,QIOXHQFHRIVWDWRUWRRWKZLGWKD3KDVH30(0)USPWXUQE
&RJJLQJWRUTXH3HDNYDOXH
% 6WDWRU7RRWK:LGWK
7KHVWDWRUWRRWKZLGWKUDWLRLVGHILQHGDVWKHUDWLRRIVWDWRU
WRRWKDUFșVWWRRIWKHVWDWRUVORWSLWFKZKLFKLQIOXHQFHVWKH
FURVVVHFWLRQDO DUHD RI WKH HIIHFWLYH IOX[ SDWK DQG WRRWKWLS
OHDNDJHE\FKDQJLQJWKHWRRWKZLGWK7KXVDPD[LPXPYDOXH
H[LVWV LQ WKHFXUYHRI506 (0)SHU WXUQYHUVXV VWDWRU WRRWK
ZLGWKDVVKRZQLQ)LJD/XFNLO\ERWKORZ7+'DQG7FRJ
DUHREWDLQHGZKHQWKHSKDVH(0)UHDFKHVWKHSHDNYDOXH7KXV
WKHRSWLPDOVWDWRUWRRWKZLGWKUDWLRLVIRUERWKJHQHUDWRUV
D
E
)LJ,QIOXHQFHRIURWRUSROHZLGWKD3KDVH30(0)USPWXUQE
&RJJLQJWRUTXH3HDNYDOXH
& 5RWRU3ROH:LGWK
6LPLODUO\ WKH URWRU SROH ZLGWK DOVR KDV HIIHFW RQ WKH
FURVVVHFWLRQDODUHDRI WKHHIIHFWLYH IOX[SDWK7KH URWRUSROH
ZLGWKUDWLRLVGHILQHGDVWKHUDWLRRIURWRUSROHDUFșUWWRRI
WKH VWDWRU VORW SLWFK $V VHHQ IURP )LJ D WKH 506 (0)
LQFUHDVHV VOLJKWO\ ZLWK URWRU SROH ZLGWK 7KH FRJJLQJ WRUTXH
PDJQLWXGHLVNHSWDWDORZOHYHO7FRJ1PGXULQJWKHZKROH
YDULDWLRQUDQJHRIWKHURWRUSROHZLGWKVHH)LJE)RUERWK
DQDO\VHG JHQHUDWRUV WKH RSWLPDO URWRU SROH ZLGWK LV  IRU
PD[LPL]DWLRQRIWKH(0)XQGHUWKHFRQVWUDLQWRI7+'
' 1XPEHURI7XUQV3HU&RLO
%DVLFDOO\WKHWXUQQXPEHUSHUFRLO1FRLOVKRXOGEHGHVLJQHG
WRPDNHSKDVHYROWDJHVDWLVI\WKHUDWHGVSHFLILFDWLRQ+RZHYHU
D  KLJKHU PDUJLQ LV VHFXUHG WR DYRLG WKH GHFUHPHQW RI
YROWDJHFDXVHGE\PDQXIDFWXUHDQGDVVHPEO\
,W VKRXOG EH QRWHG WKDW D KLJKHU 1FRLO LV GHWULPHQWDO WR WKH
YROWDJHUHJXODWLRQIDFWRU'8ZKLFKHYDOXDWHVWKHJHQHUDWRU¶V
YROWDJHVWDELOL]DWLRQFDSDELOLW\ZKHQWKHORDGFKDQJHVDV
'ܷ ൌ ൬ܧ଴ܷ௢ െ ͳ൰ ൈ ͳͲͲΨ
ൌ ۉۇ
ට൫ܴே ൅ ܴ௣௛൯ଶ ൅ ௦ܺଶܴே െ ͳیۊ ൈ ͳͲͲΨ

ZKHUH(DQG8RDUHWKHRSHQFLUFXLW(0)DQGRXWSXWYROWDJH
506 YDOXHVSHUSKDVH UHVSHFWLYHO\51 5SK DQG;V DUH WKH
H[WHUQDO UHVLVWLYH ORDG ZLQGLQJ UHVLVWDQFH DQG V\QFKURQRXV
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5RWRUSROHZLGWKUDWLR
SKDVH
SKDVH
7+'
506YDOXH




     
3HD
NF
RJJ
LQJ
WRU
TX
H1
P
5RWRUSROHZLGWKUDWLR
SKDVH
SKDVH
,(((7UDQVDFWLRQVRQ,QGXVWU\$SSOLFDWLRQV 
UHDFWDQFHSHUSKDVHUHVSHFWLYHO\7KHYROWDJHSKDVRUGLDJUDP
UHODWLRQVDUHGHILQHGLQ)LJ
, 8R
M,;V
(
,5SK
ȕ
)LJ  6LPSOLILHG YROWDJH SKDVRU GLDJUDP RI WKH V\QFKURQRXV JHQHUDWRU
RSHUDWLQJZLWKUHVLVWLYHORDG518R ,51

D
E
)LJ,QIOXHQFHRIWXUQQXPEHUSHUFRLODSKDVHESKDVH
6LQFH 5SK LV SURSRUWLRQDO WR 1FRLO DQG UHDFWDQFH ;V LV
SURSRUWLRQDOWRWKHVTXDUHRI1FRLOWKHYROWDJHUHJXODWLRQIDFWRU
GHILQLWHO\LQFUHDVHVZLWKWKHFRLOWXUQQXPEHUDVYHULILHGLQ)LJ
ZKHUHWKHQRUPDOL]HGYDOXHLVFDOFXODWHGEDVHGRQWKHUDWHG
VSHFLILFDWLRQ%HVLGHVWKHJURZWKUDWHRI(ZLWK1FRLOLVPXFK
VPDOOHUWKDQWKDWRI,;VZLWK1FRLOVRWKHUHDFWLYHSRZHUVSHQWRQ
WKH ZLQGLQJ UHDFWDQFH LQFUHDVHV IDVW ZLWK WKH QXPEHU RI FRLO
WXUQVZKLFKZRXOGFDXVHWKHGHFUHDVHRIWKHRXWSXWYROWDJHDV
OHDUQHGIURP)LJD&RQVHTXHQWO\1FRLOVKRXOGEHUHVWULFWHG
IRU DQ DFFHSWDEOHYROWDJH UHJXODWLRQ IDFWRURQ WKHSUHPLVHRI
PHHWLQJWKHUDWHGGHPDQG
,,, &203$5,6212)67$7,&&+$5$&7(5,67,&6
7KH VWDWLF FKDUDFWHULVWLFV RI WKH  DQG SKDVH )630
JHQHUDWRUV DUH SUHGLFWHG E\ )( LQFOXGLQJ WKH RSHQFLUFXLW
FKDUDFWHULVWLFVDQGRQORDGWRUTXHZLWKWKHVORWFXUUHQWGHQVLW\
-VRI$PP506YDOXHXQGHULG %/$&RSHUDWLRQ
7KHRSHQFLUFXLW DLUJDS UDGLDO IOX[GHQVLW\ZDYHIRUPVDUH
VKRZQ LQ )LJ  ZKHUH WKH µORFDOPD[¶ IOX[ GHQVLW\ YDOXHV
FRUUHVSRQGLQJWRWKHGD[LVDLUJDSIOX[GHQVLW\>@DUH7
DQG7IRUWKHDQGSKDVHJHQHUDWRUVUHVSHFWLYHO\7KH
SKDVH30IOX[OLQNDJHRIWKHSKDVH)630PDFKLQHLV
VPDOOHUWKDQWKDWRIWKHSKDVHFRXQWHUSDUWDVVKRZQLQ
)LJD7KLVLVFDXVHGE\DVLJQLILFDQWOHDNDJHIOX[H[LVWLQJ
EHWZHHQ WKH DGMDFHQW VWDWRU WHHWK LQ WKH SKDVH PDFKLQH DV
VKRZQLQ)LJGXHWRDVPDOOHUVWDWRUVORWRSHQLQJ+RZHYHU
WKH UHODWLRQVKLS EHWZHHQ (0) PDJQLWXGHV LV RSSRVLWH WR WKH
IOX[OLQNDJH EHFDXVH RI D KLJKHU URWRUSROH QXPEHU LQ WKH
SKDVHPDFKLQH
)LJ2SHQFLUFXLWDLUJDSUDGLDOIOX[GHQVLW\DVIXQFWLRQRIDQJXODUSRVLWLRQ
D
E
)LJ2SHQFLUFXLWSKDVH30IOX[OLQNDJHDQG(0)ZDYHIRUPVD3KDVH
30IOX[OLQNDJHE3KDVH(0)USP

D E
)LJ30IOX[OLQHVGLVWULEXWLRQVDSKDVHESKDVH
7KHFRJJLQJWRUTXHDQGHOHFWURPDJQHWLFWRUTXHDUHVKRZQLQ
)LJ7KHWRUTXHULSSOHIDFWRUNULSLVFDOFXODWHGE\ZKHUH
7PD[7PLQDQG7DYHDUHWKHPD[LPXPWRUTXHPLQLPXPWRUTXH
DQGDYHUDJHWRUTXHUHVSHFWLYHO\
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9
5RWRUSRVLWLRQHOHFGHJ
SKDVH
SKDVH
,(((7UDQVDFWLRQVRQ,QGXVWU\$SSOLFDWLRQV 
݇ݎ݅݌ ൌ ܶ݉ܽݔ െ ܶ݉݅݊ܶܽݒ݁ ൈ ͳͲͲ 
7KHPHDQYDOXHVRIWKHHOHFWURPDJQHWLFWRUTXHIRUWKHDQG
SKDVH )630 JHQHUDWRUV ZLWK -V $PP XQGHU LG 
%/$& RSHUDWLRQ DUH  1P DQG  1P UHVSHFWLYHO\
%RWK JHQHUDWRUV GHPRQVWUDWH D JRRG VWDUWLQJ DQG ORZVSHHG
SHUIRUPDQFHZLWKOLWWOHYLEUDWLRQVLQFHWKHFRJJLQJWRUTXHDQG
WRUTXHULSSOHDUHUHODWLYHO\VPDOODVOHDUQHGIURP7$%/(,,
D
E
)LJ&RJJLQJ WRUTXHDQGHOHFWURPDJQHWLF WRUTXHZDYHIRUPVD&RJJLQJ
WRUTXHE7RUTXH%/$&LG -V $PP
7$%/(,,
)(35(',&7('&+$5$&7(5,67,&6#530
,WHP 8QLW SKDVH SKDVH
2SHQFLUFXLW(0)UPV(R 9  
5DWHGRXWSXWYROWDJHUPV8R 9  
5DWHGRXWSXWFXUUHQWUPV,R $  
5DWHGRXWSXWSRZHU3R N:  
5DWHGWRUTXH7H 1P  
7RUTXHULSSOHIDFWRUNULS   
9ROWDJHUHJXODWLRQIDFWRU'8   
GTD[LVLQGXFWDQFH/G/T P+  
GTD[LVUHDFWDQFH;G;T ȍ  
3KDVHZLQGLQJUHVLVWDQFH5SK ȍ  
&RSSHUORVVS&X :  
&RUHORVVS)H :  
30HGG\FXUUHQWORVVSHF :  
(IILFLHQF\Ș   
,9 &203$5,6212)32:(5*(1(5$7,1*3(5)250$1&(6
7KH JHQHUDWLQJ SHUIRUPDQFHV LQFOXGLQJ RXWSXW YROWDJH
SKDVHFXUUHQWDQGHOHFWURPDJQHWLFWRUTXHDVZHOODV ORVVHVRI
WKHWZRJHQHUDWRUVRSHUDWHGZLWKV\PPHWULFDOH[WHUQDOUHVLVWLYH
ORDGV DUH SUHGLFWHG E\ )( FRVLPXODWLRQ 7KHQ WKH RXWSXW
SRZHUYROWDJHUHJXODWLRQIDFWRUDQGHIILFLHQF\DUHFDOFXODWHG
IURP WKH )(SUHGLFWHG GDWD 7KH UDWHG UHVLVWLYH ORDG 51 LV
FDOFXODWHG IURP WKH UDWHG SRZHU DQG YROWDJH RI HDFK SKDVH
7KXV51LVȍIRUWKHSKDVHJHQHUDWRUZKLOHLWLVȍIRU
WKHSKDVHRQH)XUWKHUPRUHWKHRXWSXWFKDUDFWHULVWLFVRIWKH
WZRJHQHUDWRUVRSHUDWLQJZLWKLQDORDGUDQJHDQGDURWRUVSHHG
UDQJHDUHSUHGLFWHG WRHYDOXDWHWKHLURYHUORDGDQGRYHUVSHHG
FDSDELOLWLHV
$ 5DWHG3HUIRUPDQFH
7KH RXWSXW SKDVH YROWDJHV DQG FXUUHQWV RI WKH  DQG
SKDVHJHQHUDWRUVZRUNLQJDWUDWHGJHQHUDWLQJFRQGLWLRQDUH
VKRZQLQ)LJ2EYLRXVO\DKLJKHUSKDVHQXPEHUEULQJVD
ORZHU FXUUHQW IRU HDFK SKDVH XQGHU WKH VDPH SRZHU
VSHFLILFDWLRQWKXVKHOSVWRPLWLJDWHWKHVWDWRUZLQGLQJORVVDQG
RYHUKHDWLQJSUREOHPV>@%HVLGHVDVVKRZQLQ)LJDQG)LJ
WKHSKDVHJHQHUDWRUKDVDKLJKHURXWSXWYROWDJHRXWSXW
SRZHUDQGWRUTXHWKDQLWVSKDVHFRXQWHUSDUWDOWKRXJKZLWKD
ORZHUSKDVH FXUUHQW7KHUHDVRQ IRU WKH ODUJHURXWSXWYROWDJH
OLHV LQ D VPDOOHU YROWDJH UHJXODWLRQ IDFWRU IRU WKH SKDVH
)630JHQHUDWRUDVVKRZQLQ7$%/(,,%RWKJHQHUDWRUVKDYH
DV\PPHWULFDOYROWDJHZDYHIRUPZLWKDORZ7+'DQGDVPRRWK
WRUTXHZLWKDORZWRUTXHULSSOHDVLQ)LJGXHWRORZ(0)
KDUPRQLFV DQG FRJJLQJ WRUTXH 7KH VPDOO RYHUVKRRW RQ WKH
WRUTXH ZDYHIRUP RI WKH SKDVH PDFKLQH LV FDXVHG E\ WKH
LQVXIILFLHQWGDPSLQJRIWKHVPDOOUHVLVWDQFHLQWKHFLUFXLW
)LJ2XWSXWSKDVHYROWDJHDQGFXUUHQWDWUDWHGFRQGLWLRQUSP51
)LJ(OHFWURPDJQHWLFWRUTXHDWUDWHGJHQHUDWLQJFRQGLWLRQUSP51
% 2YHUORDG&DSDELOLW\
7KHRXWSXWYROWDJHFXUUHQWDQGSRZHURIWKHDQGSKDVH
JHQHUDWRUVZRUNLQJZLWKGLIIHUHQWUHVLVWLYHORDGVDWUSPDUH
SUHGLFWHGE\)(FRVLPXODWLRQ
)LJ2XWSXWYROWDJHYHUVXVSKDVHFXUUHQW506YDOXH#USP
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3KDVHFXUUHQW$
SKDVH
SKDVH
SKDVH
UDWHGFXUUHQW SKDVH UDWHGFXUUHQW
,(((7UDQVDFWLRQVRQ,QGXVWU\$SSOLFDWLRQV 
)LJ  VKRZV WKH YDULDWLRQ FXUYHV RI WKH RXWSXW YROWDJH
YHUVXV SKDVH FXUUHQW 2EYLRXVO\ WKH VORSH RI WKH SKDVH
JHQHUDWRU¶V FXUYH LV JUHDWHU WKDQ WKDW RI WKH SKDVH
FRXQWHUSDUW LQGLFDWLQJ D JUHDWHU YROWDJH YDULDWLRQ ZKHQ WKH
ORDGFKDQJHVLQ WKHSKDVH)630JHQHUDWRU7KLVPHDQVWKH
SKDVH )630 JHQHUDWRU LV PRUH DGYDQWDJHRXV WKDQ WKH
SKDVH FRXQWHUSDUW LQ WHUPV RI PDLQWDLQLQJ D VWDEOH RXWSXW
YROWDJH )LJ  LOOXVWUDWHV WKH YDULDWLRQ FXUYHV RI WKH RXWSXW
SRZHU YHUVXV SKDVH FXUUHQW ZKLFK LQGLFDWHV WKH RYHUORDG
FDSDELOLW\RIWKHJHQHUDWRUV7KHPD[LPXPSRLQWV¶FRRUGLQDWHV
RIWKHWZRFXUYHVDUH$N:DQG$N:IRU
WKHDQGSKDVHJHQHUDWRUVUHVSHFWLYHO\5HIHUULQJWRWKHLU
UDWHGSRLQWV WKHPD[LPXPRXWSXWSRZHULVTXLWHFORVHWRWKH
UDWHGSRZHULQWKHSKDVHJHQHUDWRUZKLOHLWLVWLPHVRIWKH
UDWHG YDOXH LQ WKH SKDVH JHQHUDWRU &OHDUO\ WKH SKDVH
)630JHQHUDWRUKDVDEHWWHURYHUORDGFDSDELOLW\+RZHYHUWKH
SKDVH JHQHUDWRU KDV D KLJKHU HIILFLHQF\ ZKHQ WKH SKDVH
FXUUHQWLVORZHUWKDQ$DVVKRZQLQ)LJGXHWRDVPDOOHU
HGG\FXUUHQWORVVLQWKH30V
)LJ2XWSXWSRZHUYHUVXVSKDVHFXUUHQW#USP
7KHJUHDWGLIIHUHQFHRQWKHRYHUORDGFDSDELOLW\EHWZHHQWKH
WZRJHQHUDWRUVLVFDXVHGE\WKHGLVWLQFWZLQGLQJUHDFWDQFH7KH
GTD[LV LQGXFWDQFH DQG WKH FRUUHVSRQGLQJ UHDFWDQFH DUH
FDOFXODWHGDVVKRZQLQ7$%/(,,E\WDNLQJWKHGDQGTD[LV
FURVVFRXSOLQJLQWRDFFRXQW>@7KHUHDFWDQFHRIWKHSKDVH
)630 JHQHUDWRU LV PXFK ODUJHU WKDQ DQRWKHU RQH GXH WR D
KLJKHUURWRUSROHQXPEHU7KHUHIRUHWKHUHDFWLYHSRZHUVSHQW
RQWKHZLQGLQJUHDFWDQFHLQFUHDVHVDORWHYHQWKRXJKWKHSKDVH
FXUUHQWJURZVVOLJKWO\ZKLFKEULQJVDODUJHGURSLQWKHRXWSXW
YROWDJHDQGSUHYHQWVWKHRXWSXWSRZHUIURPLQFUHDVLQJ
)LJ(IILFLHQF\YHUVXVSKDVHFXUUHQW#USP
& 9DULDEOH6SHHG3HUIRUPDQFHV
7KHHOHFWURPDJQHWLF WRUTXH LQ)LJ  ³VDWXUDWHV´ZLWK WKH
URWRU VSHHG LQFUHPHQW %HVLGHV ZKHQ WKH VSHHG ULVHV WR D
FHUWDLQYDOXHWKHWRUTXHPD\VWDUWWRGHFUHDVHGXHWRWKHGHFOLQH
RI WKH TD[LV FXUUHQW VLQFH WKH ORDG DQJOH EHWZHHQ WKH
RSHQFLUFXLW (0) DQG SKDVH FXUUHQW DOVR LQFUHDVHV ZLWK WKH
URWRUVSHHG7KHJURZWKUDWHRIWKHORDGDQJOHLVUHODWHGWRWKH
ZLQGLQJUHDFWDQFH7KHKLJKHUWKHUHDFWDQFHWKHIDVWHUWKHORDG
DQJOHLQFUHDVHVDVOHDUQHGIURP)LJ7KXVWKHWRUTXHRIWKH
SKDVH JHQHUDWRU LV PRUH HDVLO\ WR JHW VDWXUDWHG DQG WKHQ
GHFUHDVHZLWKWKHULVHRIWKHURWRUVSHHG7KLVDSSOLHVHTXDOO\WR
WKHRXWSXWSRZHUVKRZQLQ)LJ
)LJ7RUTXHYHUVXVURWRUVSHHGRIWKHJHQHUDWRUVFRQQHFWHGZLWK51
)LJ2XWSXWSRZHUYHUVXVURWRUVSHHGRIWKHJHQHUDWRUVFRQQHFWHGZLWK51
)LJ(IILFLHQF\YHUVXVURWRUVSHHGRIWKHJHQHUDWRUVFRQQHFWHGZLWK51
)LJ&RUHORVVYHUVXVURWRUVSHHGRIWKHJHQHUDWRUVFRQQHFWHGZLWK51
)LJ  DQG )LJ  VKRZ WKH HIILFLHQF\ DQG FRUH ORVV
YDULDWLRQ ZLWK WKH VSHHG UHVSHFWLYHO\7KH FRUH ORVVHVRI WKH
WZRPDFKLQHVDWORZVSHHGVDUHFORVHWRHDFKRWKHUGXHWRWKH
FRPSHQVDWLRQ EHWZHHQ IOX[ GHQVLW\ DQG HOHFWULF IUHTXHQF\
+RZHYHUZKHQWKHURWRUVSHHGJURZVRYHUUSPWKHFRUH
ORVV RI WKH SKDVH PDFKLQH EHJLQV WR VXUSDVV WKH SKDVH
FRXQWHUSDUWDQGWKHGLIIHUHQFHJHWVJUHDWHUZLWKWKHLQFUHDVHRI
URWRUVSHHGGXHWRWKHKLJKHUURWRUSROHQXPEHU7KHHIILFLHQF\







      
2X
WSX
WS
RZ
HU
N:

3KDVHFXUUHQW$
SKDVH
SKDVH
SKDVH
UDWHGFXUUHQW SKDVH UDWHGFXUUHQW











      
(II
LFLH
QF\


3KDVHFXUUHQW$
SKDVH
SKDVH
SKDVH
UDWHGFXUUHQW
SKDVH UDWHG
FXUUHQW






     
7R
UTX
H1
P
5RWRUVSHHGUSP
SKDVH
SKDVH






     
2X
WSX
WS
RZ
HU
N:

5RWRUVSHHGUSP
SKDVH
SKDVH











     
(II
LFLH
QF\


5RWRUVSHHGUSP
SKDVH
SKDVH





     
&R
UH
ORV
V:

5RWRUVSHHGUSP
SKDVH
SKDVH
,(((7UDQVDFWLRQVRQ,QGXVWU\$SSOLFDWLRQV 
RI WKH WZR JHQHUDWRUV KDUGO\ FKDQJHV ZLWKLQ  USP
+RZHYHULWVKRXOGEHQRWHGWKDWWKHZLQGLQJFXUUHQWLQFUHDVHV
JUHDWO\ ZLWK WKH URWRU VSHHG VR D EHWWHU FRROLQJ FRQGLWLRQ LV
QHHGHGLQKLJKVSHHGRSHUDWLRQ
9 (;3(5,0(17$/9$/,'$7,21
7R YHULI\ WKH )( SUHGLFWHG UHVXOWV WZR )630 SURWRW\SHV
ZLWK SKDVH VWDWRUVORWURWRUSROH DQG SKDVH
VWDWRUVORWURWRUSROHFRPELQDWLRQVDUHPDQXIDFWXUHGDV
VKRZQLQ)LJDQG)LJUHVSHFWLYHO\7KHWZRSURWRW\SHV
KDYHWKHVDPHVWDWRURXWHUGLDPHWHUDQGVWDFNOHQJWKDVZHOODV
LGHQWLFDO FRUH DQG 30 PDWHULDO SURSHUWLHV 7KH WHVW EHQFK
LQFOXGLQJ D '& PRWRU DQ )630 SURWRW\SH JHQHUDWRU WKH
YDULDEOH UHVLVWDQFH WKH VKDIWFRXSOLQJ DQGD WRUTXHVHQVRU DV
VKRZQ LQ )LJ  LV VHW XS IRU WKH LPSOHPHQWDWLRQ RI WKH
RSHQFLUFXLWDQGRQORDGSRZHUJHQHUDWLQJH[SHULPHQWV


D E
)LJ3URWRW\SHRIWKHSKDVH)630PDFKLQHD6WDWRUE5RWRU


D E
)LJ3URWRW\SHRIWKHSKDVH)630PDFKLQHD6WDWRUE5RWRU
'&PRWRU
9DULDEOHUHVLVWDQFH
)630SURWRW\SH
7RUTXHVHQVRU
)LJ7HVWEHQFKRIWKHDQGSKDVH)630SURWRW\SHV
$ 2SHQ&LUFXLW7HVW
$VVKRZQLQ)LJWKHPHDVXUHGSKDVHIXQGDPHQWDO506
(0)VIRUWZRJHQHUDWRUVDUH9DQG9UHVSHFWLYHO\DV
VKRZQ LQ 7$%/( ,,, 7KH PHDVXUHG UHVXOWV IRU WKH  DQG
SKDVH JHQHUDWRUV DUH  DQG  ORZHU WKDQ WKH
)(SUHGLFWHGUHVXOWVUHVSHFWLYHO\ZKLFK LVPDLQO\FDXVHGE\
WKHHQGHIIHFWDQGODPLQDWLRQVWDFNLQJIDFWRU
% 2Q/RDG7HVW
7KHRQORDGH[SHULPHQWVDUHLPSOHPHQWHGRQHDFKSURWRW\SH
ZKLFKLVFRQQHFWHGWR WKHYDULDEOHUHVLVWDQFHDQGGULYHQE\D
'&PRWRUDWUSP7KHUHVLVWLYHORDGLVDGMXVWHGWRȍ
IRUWKHSKDVHJHQHUDWRUZKLOHȍIRUWKHSKDVHRQHWR
HVWDEOLVK WKH UDWHG SRZHU JHQHUDWLQJ FRQGLWLRQ 7KH RXWSXW
YROWDJHZDYHIRUPVRIHDFKSKDVHIRUWKHDQGSKDVH)630
JHQHUDWRUV DUH PHDVXUHG DV VKRZQ LQ )LJ D DQG E
UHVSHFWLYHO\0HDQZKLOH WKH WRUTXHZDYHIRUPVDUHPHDVXUHG
DQGFRPSDUHGZLWKWKH)(SUHGLFWHGUHVXOWVDVVKRZQLQ)LJ
7KH506YDOXHRIWKHSKDVHYROWDJHWKHDYHUDJHPHFKDQLFDO
WRUTXHDQGWKHFDOFXODWHG WHVW UHVXOWV LQFOXGLQJRXWSXWSRZHU
YROWDJHUHJXODWLRQIDFWRUDQGHIILFLHQF\DUHOLVWHGLQ7$%/(,,,
,WFDQEHOHDUQHGWKDWWKHPHDVXUHGUHVXOWVDUHFRQVLVWHQWZLWK
WKH)(SUHGLFWLRQVDOWKRXJKZLWKWKHGLIIHUHQFHVRIDQG
IRU  DQG SKDVH SURWRW\SHV GXH WR PDQXIDFWXULQJ DQG
PHDVXUHPHQWHUURUV
$ &%
D
$$$$
E
)LJ0HDVXUHGRSHQFLUFXLWSKDVH(0)ZDYHIRUPV#USPDSKDVH
)630JHQHUDWRUESKDVH)630JHQHUDWRU
7$%/(,,,
0($685('5(68/762)7+(7:2)630*(1(5$7256#530
,WHP 8QLW SKDVH SKDVH
2SHQFLUFXLWSKDVH(0)UPV(R 9  
5DWHGSKDVHYROWDJHUPV8R 9  
5DWHGSKDVHFXUUHQWUPV,R $  
5DWHGRXWSXWSRZHU3R N:  
,QSXWPHFKDQLFDOWRUTXH7L 1P  
9ROWDJHUHJXODWLRQIDFWRU'8   
(IILFLHQF\Ș   

,(((7UDQVDFWLRQVRQ,QGXVWU\$SSOLFDWLRQV 
$ &%
D
$$$$
E
)LJ0HDVXUHGSKDVHYROWDJHZDYHIRUPVRISURWRW\SHVFRQQHFWHGZLWKUDWHG
UHVLVWLYHORDG#USPDSKDVHESKDVH
D
E
)LJ0HDVXUHGDQG)(SUHGLFWHGWRUTXHZDYHIRUPVRISURWRW\SHVFRQQHFWHG
ZLWKUDWHGUHVLVWLYHORDG#USPDSKDVHESKDVH
9, &21&/86,21
7KLVSDSHUFRPSDUHVWKHSHUIRUPDQFHVRIWKHSKDVH
DQGSKDVH)630PDFKLQHVGHVLJQHGIRUZLQGSRZHU
JHQHUDWLRQ7KHUHVXOWVVKRZWKDWWKHSKDVHJHQHUDWRUKDVD
KLJKHUSRZHUGHQVLW\D ORZHUYROWDJHUHJXODWLRQIDFWRUDQGD
VWURQJHU RYHUORDGRYHUVSHHG FDSDELOLW\ WKDQ WKH SKDVH
FRXQWHUSDUW,WDOVRLQGLFDWHVWKDWDKLJKSROHQXPEHUPD\QRW
EHSUHIHUUHG IRU DVPDOOVFDOH )630 ZLQGJHQHUDWRU VLQFH LW
FDXVHV KLJKHU OHDNDJH IOX[ PDJQHWLF FLUFXLW SHUPHDQFH DQG
ZLQGLQJUHDFWDQFHDOWKRXJKLWEULQJVORZHUFRJJLQJWRUTXHDQG
WRUTXH ULSSOH 7KHUHIRUH PRUH VWDWRU DQG URWRUSROH
FRPELQDWLRQVZLOOEHVWXGLHGLQWKHIXWXUHHJDQG
PD\EHJRRGFKRLFHVIRUWKHSKDVHPDFKLQHZLWKODUJHUVORW
RSHQLQJV 7KH VORW RSHQLQJ ZLGWK FDQ DOVR EH RSWLPL]HG WR
UHGXFHWKHOHDNDJHIOX[EHWZHHQDGMDFHQWWZRVWDWRUWHHWKWKXV
WR UHGXFH WKH OHDNDJH LQGXFWDQFH 7R LPSURYH WKH
SHUIRUPDQFHV IXUWKHU ZRUN ZLOO DOVR EH FDUULHG RXW RQ WKH
PDJQHWLFSDWKRSWLPL]DWLRQWREDODQFHWKHPDJQHWLF IORZDQG
WKHPDJQHWLFSHUPHDQFHVLQFHERWKDKLJKPDJQHWLFIORZIRUD
ODUJHWRUTXHDQGDORZSHUPHDQFHIRUDKLJKSRZHUIDFWRUDUH
SUHIHUUHG7KH)(SUHGLFWHGSHUIRUPDQFHVDQGDQDO\]HGUHVXOWV
DUH YDOLGDWHG E\ H[SHULPHQWDO WHVWV EDVHG RQ WZR )630
SURWRW\SHV
5()(5(1&(6
>@ (/HYL³0XOWLSKDVHHOHFWULFPDFKLQHVIRUYDULDEOHVSHHGDSSOLFDWLRQV´
,(((7UDQV,QG(OHFWURQYROQRSS±0D\
>@ 6:LOOLDPVRQ66PLWKDQG&+RGJH³)DXOW WROHUDQFHLQPXOWLSKDVH
SURSXOVLRQPRWRUV´-0DU(QJ7HFKQROYROQRSS
>@ /3DUVD³2QDGYDQWDJHRIPXOWLSKDVHPDFKLQHV´ LQ3URFRI&RQIRI
,(((,QG(OHFWURQ6RF5DOHLJK86$SS
>@ 6%ULVVHW'9L]LUHDQXDQG3%URFKHW³'HVLJQDQGRSWLPL]DWLRQRID
QLQHSKDVH D[LDOIOX[ 30 V\QFKURQRXV JHQHUDWRU ZLWK FRQFHQWUDWHG
ZLQGLQJIRUGLUHFWGULYHZLQGWXUELQH´,(((7UDQV,QG$SSOYRO
QRSS0D\-XQH
>@ )%DUUHURDQG0-'XUDQ³5HFHQWDGYDQFHVLQWKHGHVLJQPRGHOLQJ
DQGFRQWURORIPXOWLSKDVHPDFKLQHV²3DUW,´,(((7UDQV,QG(OHFWURQ
YROQRSS±-DQ
>@ 0-'XUDQDQG)%DUUHUR³5HFHQWDGYDQFHVLQWKHGHVLJQPRGHOLQJ
DQG FRQWURO RI PXOWLSKDVH PDFKLQHV²3DUW ,,´ ,((( 7UDQV ,QG
(OHFWURQYROQRSS±-DQ
>@ $/DEDNDQG1&.DU³'HVLJQLQJDQGSURWRW\SLQJDQRYHOILYHSKDVH
SDQFDNHVKDSHGD[LDOIOX[650IRUHOHFWULFYHKLFOHDSSOLFDWLRQWKURXJK
G\QDPLF)(LQFRUSRUDWLQJIOX[WXEHPRGHOLQJ´,(((7UDQV,QG$SSO
YROQRSS0D\-XQH
>@ 0%HUPXGH],*RQ]DOH]3ULHWR)%DUUHUR+*X]PDQ0-'XUDQ
DQG ; .HVWHO\Q ³2SHQSKDVH IDXOWWROHUDQW GLUHFW WRUTXH FRQWURO
WHFKQLTXH IRU ILYHSKDVH LQGXFWLRQ PRWRU GULYHV´ ,((( 7UDQV ,QG
(OHFWURQYROQRSS±)HE
>@ $ 0RKDPPDGSRXU DQG / 3DUVD ³*OREDO IDXOWWROHUDQW FRQWURO
WHFKQLTXHIRUPXOWLSKDVHSHUPDQHQWPDJQHWPDFKLQHV´,(((7UDQV,QG
$SSOYROQRSS-DQ)HE
>@ =4=KXDQG-7&KHQ³$GYDQFHGIOX[VZLWFKLQJSHUPDQHQWPDJQHW
EUXVKOHVVPDFKLQHV´,(((7UDQV0DJQYROQRSS±
-XQ
>@ = = :X DQG = 4 =KX ³$QDO\VLV RI DLUJDS ILHOG PRGXODWLRQ DQG
PDJQHWLFJHDULQJHIIHFWVLQVZLWFKHGIOX[SHUPDQHQWPDJQHWPDFKLQHV´
,(((7UDQV0DJQYROQRSS±0D\$UW,'
>@ -2MHGD0*6LPRHV*/LDQG0*DEVL³'HVLJQRIDIOX[VZLWFKLQJ
HOHFWULFDOJHQHUDWRUIRUZLQGWXUELQHV\VWHPV´,(((7UDQV,QG$SSO
YROQRSS±1RY'HF
>@ $ 6 7KRPDV = 4 =KX 5 / 2ZHQ * : -HZHOO DQG ' +RZH
³0XOWLSKDVH IOX[VZLWFKLQJ SHUPDQHQWPDJQHW EUXVKOHVV PDFKLQH IRU
DHURVSDFHDSSOLFDWLRQ´,(((7UDQV,QG$SSOYROQRSS±
1RY'HF
>@ ;;XHHWDO³'HVLJQRIILYHSKDVHPRGXODU)630PDFKLQHVIRUKLJK
UHOLDELOLW\ DSSOLFDWLRQV´,(((7UDQV0DJQYROQR  SS ±
-XO
>@ &'LWPDQVRQ3+HLQ6.ROE-0ROFNDQG6%HUQHW³$QHZPRGXODU
IOX[VZLWFKLQJSHUPDQHQWPDJQHWGULYHIRU ODUJHZLQG WXUELQHV´ ,(((
7UDQV,QG$SSOYROQRSS±1RY'HF







      
7R
UTX
H1
P
5RWRUSRVLWLRQHOHFGHJ
0HDVXUHG
)($FRQVLGHULQJHQG
HIIHFW







      
7R
UTX
H1
P
5RWRUSRVLWLRQHOHFGHJ
0HDVXUHG
)($FRQVLGHULQJHQG
HIIHFW
,(((7UDQVDFWLRQVRQ,QGXVWU\$SSOLFDWLRQV 
>@ (%6HGULQH-2MHGD0*DEVLDQG,6ODPD%HONKRGMD³)DXOWWROHUDQW
FRQWUROXVLQJWKH*$RSWLPL]DWLRQFRQVLGHULQJWKHUHOXFWDQFHWRUTXHRID
ILYHSKDVHIOX[VZLWFKLQJPDFKLQH´,(((7UDQV(QHUJ\&RQYHUVYRO
QRSS±6HSW
>@ ) /L : +XD 0 &KHQJ DQG * =KDQJ ³$QDO\VLV RI IDXOW WROHUDQW
FRQWURO IRU D QLQHSKDVH IOX[VZLWFKLQJ SHUPDQHQW PDJQHW PDFKLQH´
,((( 7UDQV 0DJQ YRO  QR  SS ± 1RY  $UW ,'

>@ .%RXJKUDUD7/XELQDQG5,EWLRXHQ³*HQHUDOVXEGRPDLQPRGHOIRU
SUHGLFWLQJ PDJQHWLF ILHOG LQ LQWHUQDO DQG H[WHUQDO URWRU PXOWLSKDVH
IOX[VZLWFKLQJPDFKLQHVWRSRORJLHV´,(((7UDQVRQ0DJQYROQR
SS±
>@ / 6KDR : +XD DQG 0 &KHQJ ³'HVLJQ RI D WZHOYHSKDVH
IOX[VZLWFKLQJSHUPDQHQWPDJQHWPDFKLQHIRUZLQGSRZHUJHQHUDWLRQ´
LQ3URFRI ,QW &RQI RQ (OHF0DFKDQG6\VW+DQJ]KRX&KLQD SS
±
>@ /6KDR:+XD)/L-6RXODUG=4=KX=:XDQG0&KHQJ³$
FRPSDUDWLYH VWXG\ RQ QLQH DQG WZHOYHSKDVH IOX[VZLWFKLQJ
SHUPDQHQWPDJQHWZLQGJHQHUDWRUV´LQ3URFRI&RQIRI,((((QHUJ\
&RQYHUVLRQ &RQJUHVV DQG ([SRVLWLRQ 3RUWODQG 86$ SS 
6HSW
>@ : +XD * =KDQJ DQG 0 &KHQJ ³)OX[UHJXODWLRQ WKHRULHV DQG
SULQFLSOHVRIK\EULGH[FLWHGIOX[VZLWFKLQJPDFKLQHV´,(((7UDQV,QG
(OHFWURQYROQRSS±6HS
>@ *4L-7&KHQ=4=KX'+RZH/=KRXDQG&*X³,QIOXHQFHRI
VNHZDQGFURVVFRXSOLQJRQIOX[ZHDNHQLQJSHUIRUPDQFHRISHUPDQHQW
PDJQHWEUXVKOHVV$&PDFKLQHV´,(((7UDQV0DJQYROQRSS
±0D\






/LQJ\XQ 6KDRZDVERUQ LQ -LDQJVX&KLQD LQ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HQJLQHHULQJIURPWKH6FKRRORI(OHFWULFDO(QJLQHHULQJ
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&6& )URP -XO\  WR 'HFHPEHU  VKH ZDV DOVR ZLWK WKH
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DQGUHVSHFWLYHO\
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